The origin of lithium (Li) and its production process have long been an unsettled question in cosmology and astrophysics. Candidates environments of Li production events or sites suggested by previous studies include big bang nucleosynthesis, interactions of energetic cosmic rays with interstellar matter, evolved low mass stars, novae, and supernova explosions.
the spectrum obtained at +47 d in the vicinities of H η and Ca II K lines, respectively. The H I line is accompanied by a broad emission with a FWHM of ∼ 1,300 km s −1 centered at v rad ∼ 0 km s −1 .
The Ca II K (and H) has a weak but broad emission and strong absorption components caused by the interstellar (IS) absorptions. In addition to these profiles around the rest positions of both lines, two sharp absorption components are found at v rad = −1, 268 ± 2 and −1, 103 ± 1 km s −1 . Among these, the latter is apparently stronger than the former. Such absorption line systems have been found in post-outburst spectra of several classical novae 8, 9 . The absorption line systems in V339
Del contain numerous transitions originating from singly ionized iron-group species (Fe II, Ti II, Cr II, Mn II, and Ni II). The depths of all blue-shifted absorption lines in V339 Del are only ∼ < 25%
of the continuum, while the bottoms of some strong lines (e.g., Balmer lines; see Extended Data There are no Na I D doublet lines, which are often found to be the strongest absorption features in novae within a few weeks after their outbursts 8, 10 . We interpret this as indicating that the ionization state of the ejected gas has evolved into a higher stage of excitation before our observing epochs (5-7 weeks). The observed spectral energy distribution of this nova indicates that the shape of the continuous radiation had entered a very hot stage (effective temperature >100,000 K) within 5 weeks after the explosion 11 . Other observed characteristics of this nova (e.g., light curves, optical and UV emission lines) show that it is a typical Fe II nova with a CO white dwarf (WD) 12,13 .
Among these absorption line systems, we have noticed two remarkable pairs of absorption features near 312 nm. These correspond to the absorption components originating from transitions 3 at ∼313 nm. These pairs are marked as A, B and C, D, respectively, in Figure 1- 14 . After ruling out the possibilities of alternative identifications, we conclude that these absorption features at 312 nm are caused by 7 Be, and not by 9 Be which is the only stable isotope of Be. Original 9 Be contained in the progenitor star would have been depleted during its evolution because this isotope is destroyed at temperatures T > 3 × 10
6
K. On the other hand, production of the unstable isotope 7 Be by the reaction 3 He(α, γ) 7 Be in nova explosions has been theoretically predicted [16] [17] [18] [19] [20] [21] .
The transition probability of the 7 Be II line at 313.0583 nm (log gf = −0.178) is twice as large as that of the 7 Be II at 313.1228 nm (log gf = −0.479) 14 . Due to saturation effects, the ratio of their equivalent widths is expected to be in the range between 2 (no saturation) to 1 (complete saturation). The measured ratios are 1.1 ± 0.3 and 1.6 ± 0.4 for the components at v rad = −1, 268
and −1, 103 km s −1 , respectively. These are within the range expected for the doublet, although the values contain some errors ( ∼ < ±25%) due mainly to the uncertainty in the continuum placement.
The weaker component at v rad = −1, 268 km s −1 has a ratio closer to complete saturation. This can be interpreted as resulting from the fact that the absorbing gas cloud moving with v rad = −1, 268 km s −1 has a smaller covering factor, and at the same time, higher column density of 7 Be ion than the gas cloud moving with v rad = −1, 103 km s −1 . Our spectroscopic detection of 7 Be in a classical nova immediately connects to the production of 7 Li. The production of 7 Be via the nuclear reaction 3 He(α, γ) 7 Be in novae has been studied theoretically. However, no observational confirmation has been made up to the present time. This is because the presence of 7 Be is very transient and is only observable in the near UV range where the atmospheric absorption severely obstructs observations from ground-based telescopes. In the case of V339 Del, the 7 Be doublet can be identified only within a very short period (from ∼6 to ∼7 weeks after the outburst). In earlier epochs, it might be difficult to identify due to saturation effects. For nearby bright novae, there have been several attempts to detect the 478 keV gamma-ray line produced by the decay of 7 Be. However, no definite detection has been reported because of the insufficient sensitivity 23,24 . The 7 Be absorption lines in the near UV spectrum of V339 Del are found in highly blue-shifted (∼ 1, 000 km s −1 ) flows, which have been blown off by the outburst.
This means that it will soon decay to 7 Li in cooler interstellar or circumstellar matter on a time scale given by the half-life of 7 Be (53.22 days). The absence of the 7 Li I line at 670.8 nm in our spectra can be interpreted as due to the fact that all of Li in the absorbing material of V339 Del has been ionized during the observing period as mentioned above. This is in accordance with the fact that no Na I D lines are found in the absorption line system. Supposing that most of the 7 Be and Ca in the absorption line system are singly ionized and the 6 resonance lines of both ions are unsaturated, the ratio of their equivalent widths directly reflects the number density ratio between 7 Be and Ca ions. In the spectrum obtained at +47 d, the ratios of 7 Be II (313.1228 nm)/Ca II K, which are less affected by saturation and/or contamination, are ∼ 1.3 ± 0.3 and ∼ 0.7 ± 0.2 for the −1, 268 and the −1, 103 km s −1 components, respectively.
This means that the column number density of 7 Be is 5.3-2.9 times higher than that of Ca. Using this 7 Be/Ca number ratio, the mass fraction of 7 Be relative to the sum of all the constituent mass components, X( 7 Be), is presented as (4.4 ± 2.2) × 7/40 × X(Ca). If we adopt the solar X(Ca)
, for instance, the X( 7 Be) in the absorbing gas system should amount to ∼ 10 −4.3±0.3 .
The error estimation includes the uncertainty in the local continuum placement ( ∼ < ±25%) and the difference of derived equivalent widths derived from individual velocity components (∼ ±30%).
Several additional factors, such as the abundance of Ca in the absorbing gas, and the difference in the ionization state between 7 Be and Ca, are difficult to estimate because the nova ejecta model is not yet established. Taking such uncertainties into account, the error involved in the above estimate of the 7 Be abundance could be even larger by a factor of several. However, in spite of the large uncertainty, the abundance of 7 Be is larger than, or at least as large as, theoretical predictions for CO novae [e.g., X( 7 Be) ∼ < 10 −5.1 (ref. 21) ]. This indicates that classical novae could play an important role as contributors of 7 Li in the Galaxy.
The observed 7 Li evolutionary curve 3 has a plateau for young Galactic ages ( ∼ < 2.5 Gyr)
followed by a steep rise. To explain this requires a relatively low-mass stellar component that evolves over a long lifetimes. Candidates for this, such as low-mass red giants or novae, have been proposed to be major sources of 7 Li production (> 50% of the solar system Li measured 7 in meteorites) in the Galaxy 1-3 . The production of 7 Li in low-mass stars has been theoretically studied [25] [26] [27] [28] [29] , and Li-enhanced red giants and AGB stars are indeed identified 30 . The contribution to Li enrichment in the Galaxy by these objects has, however, not been confirmed. The reason for this is that the Li-rich phase in these stars might be of quite limited duration and the contribution is dependent upon the mass-loss rate of such objects. Nova eruptions involve a long delay time before working as stellar 7 Li factories. This is because 3 He rich low mass secondaries are necessary to produce 7 Be efficiently via the 3 He(α, γ) 7 Be reaction 18 . It is important to know whether this phenomenon is common among classical novae to quantify their contribution to the rapid increase of 7 Li in the Galaxy. Since V339 Del appears to be one of the ordinary Fe II type novae which occupy ∼60 % of all classical novae 12 , the 7 Be production found in this object might be occurring in many classical novae. Our successful detection of 7 Be in V339 Del indicates that measurements of the 7 Be lines in the near UV range for post-outburst novae within the lifetime of this isotope is a powerful way to estimate the contribution of novae to the chemical evolution of lithium in the Galaxy.
1. Romano, D., Matteucci, F., Molaro, P. & Bonifacio, P. The galactic lithium evolution revisited. No significant changes were found in its photometric behavior for at least a few years prior to the outburst 32 . On an unfiltered pre-discovery image obtained on 2013 August 13.998 UT, the object was still at 17.1 mag 33 . This means that the object was still in quiescence until at least 14 hours before its discovery, and that it showed a very fast rise to the maximum. MeV) source within ∼10 days after the outburst 34 . Angular sizes of the expanding shell around the nova had been monitored until ∼+40 d using near-infrared interferometric observations 35 . Then, combining the expansion velocity obtained in the optical region, the distance to the nova had been derived as 4.54 ± 0.59 kiloparsecs from the Sun.
Observations and data reduction Post-outburst spectra of V339 Del were obtained using the Table 1 . Data reduction was carried out using the IRAF software in a standard manner. The non-linearity in the detectors are corrected by the method described in ref. 38 . The wavelength calibration has been performed using a Th-Ar comparison spectrum and the typical residual in wavelength calibration is ∼ < 10 −4 nm (∼0.1 km s −1 ) for each spectrograph configuration. The typical systemic variance of the spectrograph is ∼ < 10 −4 nm per an hour. We also examined the accuracy of radial velocity determination in our measurement using the identified iron-group transitions in 315-351 nm, For the spectrum obtained at +38d, the velocity of the strongest component in the absorption line system was −996.1 ± 0.7 km s −1 determined by Gaussian fittings. In total, we concluded that the residual in our velocity scale determination was ∼ ±1 km s −1 . Spectrophotometric calibration was performed using the spectrum of BD+28
• 4211 (ref. 39 ) obtained nearly at the same altitude of the nova on the same nights. All spectra were converted to the heliocentric scale. Correction for interstellar extinction has not been applied. The average signal-to-noise ratio in the spectra obtained at four epochs is ∼140 at ∼312 nm, where we found the 7 Be lines.
Highly blue-shifted absorption line system The spectra of V339 Del exhibit a series of broad Fe II emission lines, which indicate that the object is a typical Fe II type nova 12 . Since no strong emission originating from Ne is found in the spectrum even in +52 d, the WD in the system is supposed to be a CO-WD 13 .
Extended Data Fig. 2 -a displays the radial velocity profiles of three Fe II belonging to multiplet number 40 Very similar short-lived blue-shifted metallic absorption systems (Transient Heavy Element Absorption; THEA) have been reported in post-outburst spectra of several classical novae 8 . Especially, great majority of novae show strong blue-shifted (400-1,000 km s −1 ) multiple absorption
